Inhibitory control enables humans to stop prepotent motor activity, and is commonly studied using go/no-go or stop-signal tasks. In stop-signal tasks, prepotent motor activity is elicited by delaying stop signals relative to go signals. In go/no-go tasks, however, trials include only one signal-go or no-go. Hence, prepotent motor activity has to be ensured differently-for example, by using rare no-go trials and short trial durations. However, a literature survey shows that 40% of studies use equiprobable go/no-go trials and 20% use long stimulus-stimulus intervals (> 4 s). It is unclear whether such slow-paced, equiprobable go/no-go tasks elicit prepotent motor activity and probe inhibitory control. We recorded EEG during four go/no-go tasks, varying in no-go probability and trial duration. We quantified prepotent motor activity on successfully inhibited no-go trials using the lateralized readiness potential. Only fast-paced go/no-go tasks with rare no-go trials reliably evoked such activity. We then used a stop-signal task and independent component analysis to isolate an established neural signature of inhibitory control, and investigated this signature's activity across the go/no-go tasks. Across tasks, increased prepotent motor activity on individual no-go trials was accompanied by greater frontocentral P3 amplitudes, confirming it as an index of inhibition. Crucially, this inhibition-related activity showed a 75% reduction in slow-paced, equiprobable go/no-go tasks compared to fast-paced, rare no-go versions. Therefore, since many common go/no-go task configurations do not reliably evoke prepotent motor activity, their inhibitory requirements are greatly reduced. This has major implications for the usage of go/no-go tasks in psychological experiments.
| I N T R O D U C T I O N
Inhibitory control is an important cognitive control process. It enables humans to rapidly cancel motor activity even after its initiation (e.g., stopping to cross the street when a car approaches). It is commonly studied in paradigms in which prepotent motor activity is elicited on each trial, which then sometimes has to be inhibited. The two most commonly used paradigms are the stop-signal (SST; Logan & Cowan, 1984) and go/no-go tasks (Donders, 1969) . In the SST, an initial go signal is sometimes followed by a delayed stop signal. In contrast, go/no-go tasks use only one stimulus per trial, which indicates either go (respond) or no-go.
The specific design of stop-signal and go/no-go tasks differs across studies. The most critical component in designing an inhibitory control task is to ensure that motor activity is elicited on each trial, so that no-go/stop trials truly test inhibitory control. If this is not the case, the task will not test the ability to withhold a response tendency, but will instead contrast conditions in which a response is made (go trials) with conditions in which no response is ever initiated (no-go/stop trials). In SSTs, prepotent motor activity is ensured by introducing a delay between go and stop stimulus. In the go/ no-go task, researchers attempt to elicit prepotent motor activity by varying two parameters. First, the relative proportion of go and no-go trials is varied so that no-go trials are less frequent. Increasing the relative likelihood of go trials makes it strategically beneficial to initiate a go response on every trial, thereby introducing a prepotent tendency to respond (Menon, Adleman, White, Glover, & Reiss, 2001 ). Second, trials are presented at rapid pace, so that responses will have to be made quickly, which has also been proposed to increase the prepotency of the go response (Garavan, Ross, & Stein, 1999) . However, despite these well-known considerations, an analysis of the go/no-go literature reveals that the most commonly used configuration of the go/no-go task uses equiprobable go and no-go trials ( Figure 1 ); in total, about 40% of published experiments used equiprobable go/no-go stimuli. Additionally, while most studies present stimuli at relatively rapid pace, almost 20% of studies use maximum trial durations greater than 4 s. Importantly, it is not clear whether prepotent motor activity is elicited when go and no-go trials are equiprobable and/or are presented at a slow pace. While these considerations have often been mentioned in the literature, the evident pervasiveness of equiprobable, slow-paced designs clearly indicates a crucial need for systematic investigation.
Here, we attempt such an investigation. Participants undergoing scalp EEG performed five tasks. First, they performed four different go/no-go task variants, which varied in no-go probability (.2 or .5) and pace (stimulus-stimulus interval: 4 s or 1.5 s). Participants then performed a SST, which we used as a functional localizer of prefrontal activity that indexes response inhibition (namely, the stop-signal P3; Kenemans, 2015; Kok, Ramautar, De Ruiter, Band, & Ridderinkhof, 2004 ). This ERP is a well-established index of inhibitory control in the SST, and provides a temporally specific index of the speed of stopping (Wessel & Aron, 2015) . It can be localized to the presupplementary motor area (Albert, Lopez-Martin, Hinojosa, & Carretie, 2013; Huster et al., 2011) , which is a key part of the inhibitory control network (Li, Huang, Constable, & Sinha, 2006) . We used independent component analysis (ICA, Jutten & Herault, 1991) to isolate this inhibition-related brain activity from other ongoing EEG, and investigated its activity on successful nogo trials across the different versions of the go/no-go tasks.
Our goal was twofold. First, we aimed to investigate whether prepotent motor activity is elicited on successfully inhibited no-go trials across the four versions of the go/no-go task. The lateralized readiness potential (LRP, Coles, 1989) served as an index of motor activity. Second, we aimed to investigate inhibitory control activity (indexed by the independent component representing the frontocentral P3 in the SST) across the four go/no-go tasks. We hypothesized that only fast-paced go/no-go tasks with rare no-go trials would yield evidence of prepotent motor activity on successfully inhibited no-go trials. Furthermore, we hypothesized that, owing to this reduction of inhibitory demand in slow-paced, equiprobable designs, prefrontal inhibitory control activity would be significantly reduced.
| M E T H O D

| Literature analysis
To illustrate the range of parameters that were used in previous studies that employed the go/no-go paradigm, we performed a PubMed search using the search term "inhibition AND human AND go-nogo task." This search yielded 356 results (as of October 11, 2016) . We then extracted information regarding the p(nogo) and trial duration (stimulus-stimulus interval) parameters from all experiments contained in these articles. Experiments were excluded from the sample if Heat map of the distribution of the two parameters' trial duration (x axis) and p(nogo) (y axis). For each study, trial duration is plotted as a range between the minimal and maximal duration between two subsequent stimuli on each trial of the experiment. Exception: experiments in which trial duration was fixed (i.e., minimum and maximum trial duration were the same, a 50-ms artificial "buffer" was added so that the data point is easier to see). For example, the one experiment that used a p(nogo) of .6 (top left of the heat map) had a fixed trial duration of 1,000 ms, which was spread out to 950-1,050 ms for the purposes of this heat map. Top left: Histogram of the heat map's x axis (trial duration parameter). Bottom right: Histogram of the heat map's y axis (p(nogo) parameter). Top right: since the distribution of trial durations depicted in the histogram on the top left plot has a very long and shallow right tail, the percentage of studies by trial duration was also plotted in 5 bins (< 1 s, 1-2 s, 2-3 s, 3-4 s, > 4 s) 1. A nonclassic design was used (N 5 81). A nonclassic design is one that does not strictly conform to the go/nogo task as presented here. Some examples of this are:
a. S1-S2 type paradigms, in which a response is prepared to a stimulus that precedes the actual go/no-go signal (e.g., Filipovic, Jahanshahi, & Rothwell, 2000) .
b. (AX-)CPT type paradigms, or any other paradigm in which a response has to be withheld depending on a previous stimulus, thereby introducing a working memory demand (e.g., Fallgatter, Aranda, Bartsch, & Herrmann, 2002) .
c. Hybrid tasks that embed the go/no-go component within another task (e.g., Simon or flanker type tasks; Graf et al., 2011; Soetens, Maetens, Zeischka, & Henderickx, 2010 ).
2. Information about the exact parameters was missing or unclear (N 5 21).
3. Articles were not in English language (N 5 3).
4. Articles were nonempirical (e.g., reviews or protocols, N 5 4).
5. Studies were performed on nonhuman animals (N 5 2).
6. Manuscripts were not available (N 5 4).
For studies that had more than one experiment using the go/ no-go task, both experiments and their parameters were included. This left a final sample of N 5 241 experiments, spanning from 1993 to 2016. We visualized the literature using a heat map that plots a coordinate system with trial duration on the x axis (if a task used a range of trial durations, that entire range was plotted) and the p(nogo) parameter on the y axis. Twelve experiments used multiple p(nogo) configurations within the same experiment (i.e., different blocks had different no-go trial probabilities). In those cases, we plotted the lower probability (with the purpose of not overrepresenting the amount of studies with high p(nogo) parameters). Figure 2 also shows bar plots that represent the distribution of the two parameters by year of publication and by method (behavioral, EEG, fMRI, and others), respectively. A spreadsheet that includes the raw data can be downloaded at www2. psychology.uiowa.edu/faculty/wessel/gonogo.xlsx Furthermore, the data can be explored on Malte Elson's "Flexible Measures" website under http://nogo.flexiblemeasures.com
| Participants
Nineteen participants were recruited from the wider University of Iowa community using an email list for research recruitment. One participant's data were excluded for a technical issue with the EEG recording in the SST portion of the study, leaving a remaining sample of N 5 18 healthy adults (mean age: 26.83, SEM 5 2.29; 10 female; 2 left-handed).
Participants signed written informed consent and were paid an hourly rate of $15. The experiments were approved by the University of Iowa Institutional Review Board (#201511709).
| Apparatus and stimuli
Stimuli were displayed on an IBM-compatible desktop computer running Fedora Linux and Psychtoolbox 3 (Brainard, 1997) under MATLAB 2015b (MathWorks, Natick, MA), connected to a 17-inch Dell flat-screen monitor. Responses were made via a standard QWERTY USB keyboard.
| Go/no-go tasks
The stimuli in the go/no-go tasks were colored squares presented in the center of the screen. The squares were either yellow or cyan in color. For each participant, the computer randomly assigned one color to represent go and the other color to represent no-go. Once established, this mapping remained consistent across the four tasks for each participant. The squares remained on the screen until a button was pressed or a deadline of 1,000 ms had passed. A central fixation cross was displayed whenever no stimulus was on the screen. Participants were instructed as follows: "If a square of the 'respond' color appears, press the p key on the keyboard. If a square of the 'do not respond' color appears, do not press anything." Participants were instructed to respond with the index finger of their right hand. The four versions of the task differed in the duration of each trial (stimulusstimulus interval) and in the relative probability of go and no-go stimuli. Version 1 (equiprobable, slow-paced) had a p (nogo) of .5 and a trial duration of 4,000 ms, Version 2 (equiprobable, fast-paced) had a p(nogo) of .5 and a trial duration of 1,500 ms, Version 3 (rare no-go, slow-paced) had a p(nogo) of .2 and a trial duration of 4,000 ms, and Version 4 (rare no-go, fast-paced) had a p(nogo) of .2 and a trial duration of 1,500 ms. In each condition, participants performed five blocks that included 10 no-go trials each. Hence, they performed 250 total trials in each of the rare no-go tasks, and 100 total trials in each of the equiprobable tasks (50 no-go trials per condition, 700 go and no-go trials trials overall).
| Stop-signal task
We used a standard version of the visual SST. Trials began with a fixation cross (500-ms duration), followed by a white left-or rightward arrow (go stimulus). Participants had to respond as fast and accurately as possible to the arrow using their left and right index finger (the respective response buttons were q and p on the QWERTY keyboard). On 33% of trials, a stop signal occurred (the arrow turned from white to red) at a delay after the go stimulus (stop-signal delay, SSD). Participants were instructed that stopping successfully and responding quickly were equally important. The SSD, which was initially set to 200 ms, was dynamically adjusted in 50-ms increments to achieve a p (stop|signal) of .5: after successful stops, the SSD was prolonged; after failed stops, it was shortened. This was done independently for left-and rightward go stimuli. Trial duration was fixed at 3,000 ms. Six blocks of 50 trials were performed (200 go, 100 stop).
| Procedure
After arrival at the laboratory, participants signed written informed consent and provided demographic information.
After the EEG cap was affixed to their head, the experimenter handed the participants written instructions for the go/no-go tasks, and ensured that the task was fully understood. The order of the four go/no-go tasks was randomized across participants. Participants practiced for 20 trials with the trial duration and p(nogo) settings of the upcoming go/ no-go variant before performing each version. After performing the go/no-go tasks, participants were then handed written instructions for the stop-signal task and practiced it for 24 trials before performing the main SST. We had participants perform the SST after the four go/no-go tasks to not bias them toward using inhibitory control in the go/no-go tasks. After the experimentation concluded, the experimenter removed the EEG cap and debriefed the participant. 
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.1 | Behavioral analysis
For the stop-signal task, we calculated go-trial reaction time (GoRT), failed stop-trial reaction time (FsRT), stop-signal reaction time (SSRT), and mean rate of stopping, p(stop|sig-nal). These values were used to test the predictions of the race model, which predicts that GoRT will be longer than FsRT. They also served to test whether the SSD staircase method was effective in each participant (which should lead to an average p(stop) of approximately .5 in all participants). Based on these considerations, participants would have been excluded if their GoRT was faster than their FsRT, or if their p(stop|signal) was outside the range of .4 to .6. Neither was the case for any of the participants. We calculated SSRT based on the blockwise integration method (Verbruggen, Chambers, & Logan, 2013) . For the go/no-go tasks, we calculated median GoRT and the percentage of no-go trials with commission errors, p (respond|no-go). We tested potential effects of task version on both measures using a 2 3 2 analysis of variance (ANOVA) with the factors pace (fast vs. slow) and p(nogo) (.2 vs. .5).
| EEG recording
EEG was recorded using a 62-channel electrode cap connected to two BrainVision MRplus amplifiers (Brain Products, Gilching, Germany). Two additional electrodes were placed on the left canthus (on the lateral part of the orbital bone of the left eye) and below the left eye. The ground was placed at electrode Fz, and the reference was placed at electrode Pz (the data were later rereferenced to common average). EEG was digitized at a sampling rate of 500 Hz, with a high-pass filter at a time constant of 10 s, and a 1000 Hz low-pass filter.
| EEG preprocessing
Data were preprocessed using custom routines in MATLAB 2015b (MathWorks). ICA was performed using functions from the EEGLAB toolbox (Delorme & Makeig, 2004) . After import into MATLAB, both datasets were merged (the stop-signal dataset was appended to the go/no-go data), and the continuous time series were filtered using symmetric two-way least squares finite-impulse-response (FIR) filters with a high-pass cutoff of .5 Hz and a low-pass cutoff of 50 Hz. The continuous time series were then visually inspected for channels with nonstereotypic artifacts, which were excluded from further processing. The remaining data were visually inspected for segments with nonstereotyped artifact activity (e.g., muscle artifacts), which were removed from further analysis of the continuous data. After artifact removal, the data were rereferenced to the common average, and subjected to a temporal infomax ICA decomposition algorithm (Bell & Sejnowski, 1995) , with extension to subGaussian sources (Lee, Girolami, & Sejnowski, 1999) . The resulting component matrix was screened for components representing eye movement artifacts using outlier statistics (procedure identical to Wessel, Danielmeier, Morton, & Ullsperger, 2012) . The automated artifact IC selection was visually inspected for accuracy, and artifact components were removed from the data. The remaining components were subjected to further analyses.
| LRP analysis
LRPs were measured to quantify the prepotency of motor tendencies on no-go trials in the four different go/no-go tasks. Specifically, we were interested in rapid, early developing response tendencies (i.e., tendencies that develop before the median RT on go trials). In the SST, such early prepotent response tendencies most commonly lead to failed motor inhibition (which is the reason why RT on failed stop trials is faster than average GoRT; Band, van der Molen, & Logan, 2003; Verbruggen & Logan, 2008) . The LRP was quantified based on a back projection of all nonartifact EEG independent components that did not represent the frontocentral P3 (see below). The P3 component was excluded from the back projection before LRP computations for two reasons:
1. The P3 can spatially overlap with motor activity and thereby introduce artificial variance into the LRP (Bekker, Kenemans, Hoeksma, Talsma, & Verbaten, 2005) .
2. We planned to test the trial-to-trial relationship between the P3 and the LRP. Therefore, quantifying both potentials based on datasets from which the other potential was removed will eliminate the possibility of finding spurious correlations caused by volume conduction-related spatial smearing on the scalp (Makeig, Bell, Jung, & Sejnowski, 1996) .
For the purposes of the LRP analysis, the continuous data were 20 Hz low-pass filtered, and the LRP was derived from the difference between electrodes C3 (the electrode over contralateral motor cortex) and C4 (the ipsilateral electrode). To extract the LRP that represents early motor activity on successfully stopped no-go trials (which did not have an overt response), we time-locked the LRP to the time point that corresponded to the median GoRT for each individual subject in the specific version of the go/no-go task, with a window of 2500 ms to 500 ms around that time point. That way, we could clearly delineate early-developing (premedian GoRT) from late-developing (postmedian GoRT) motor tendencies. All LRPs were baseline-corrected to a time period ranging from 300 ms prestimulus until stimulus onset. LRPs were then averaged on all successfully inhibited no-go trials, separately for each go/no-go condition.
| Motor inhibition independent component selection
The independent component (IC) that represents inhibitory control in the SST (from here onward referred to as the motor inhibition IC, MI-IC) was selected from each participant's SST data based on a priori knowledge about the properties of the inhibition process and its neural concomitants in the SST. Prior research has shown that the onset of the frontocentral P3-ERP component indexes successful stopping in the stop-signal task (Bekker et al., 2005; Schevernels et al., 2015) : its amplitude is increased for successful compared to failed stop trials (Kok et al., 2004) , and its onset correlates highly with the speed of stopping, measured by SSRT (in a sample of N > 60, a correlation in excess of r 5 .6 was found between the onset of the P3 in individual subjects and their SSRT, Wessel & Aron, 2015) . Hence, we utilized this prior knowledge about neural activity indexing motor inhibition in the SST to identify components in fully automated fashion (procedure identical to Wessel et al., 2016) . In detail: From each individual participant's ICA, we first selected each component whose weight matrix had its maximal rectified weight at one of the frontocentral electrodes (FCz, Cz, C1, C2, FC1, FC2). We then averaged those components' backprojected channel-space activity at these frontocentral electrodes within the 500-ms time period following the stop signal, and correlated this activity to the event-related average activity of the entire EEG data in the same time range (i.e., the EEG data based on the back projection of all nonartifact ICs). The component that showed the highest correlation with the overall ERP was selected as the MI-IC. The Results section and Figure 3 show the properties of the selected IC across the group, and confirm that the same properties that have been found for the stopping process in other studies (see above) are also present for the selected MI-ICs for the current study. We then proceeded to test the activity of this MI-IC in the go/no-go portion of the data. 
| Motor inhibition IC in the go/no-go task
We quantified the P3 in the go/no-go tasks based on the back projection of the MI-IC selected from the SST as described above. Using this technique ensures that P3 activity in the go/no-go portion of the data only reflects motor inhibition-related neural activity (Wessel, 2017) . To quantify the P3 on go/no-go trials, we averaged the back-projected scalp EEG signal at the frontocentral electrodes FCz and Cz. We time-locked the epochs to the onset of the go and no-go stimuli (-300 to 700 ms around stimulus onset), and all epochs were baseline-corrected in the time period ranging from 300 ms before the stimulus to stimulus onset. The ERP was averaged separately for go and no-go trials for each go/ no-go version.
| MI-IC to LRP relationship
To investigate the relationship between the inhibitory control-related activity and the early motor activity on successfully stopped no-go trials, we correlated the amplitude of the MI-IC P3 with the amplitude of the premedian LRP on a trial-to-trial basis. To this end, we averaged the LRP on successful no-go trials over the entire 500-ms time period before the median GoRT. This amplitude reflects a compound measurement of how much early motor activity was present on each successfully stopped no-go trial. We correlated this value with the MI-IC amplitude on a sample-by-sample basis using a linear regression model that used this mean LRP amplitude as a predictor variable and the MI-IC P3 amplitude on the same individual no-go trials as the criterion. This was done for each subject individually, and the resulting beta weights for each sample point were tested for significance on the group level (Debener et al., 2005) .
| EEG significance testing
We tested three overall statistical hypotheses.
1. Is there early prepotent motor activity in the different versions of the go/no-go task?
2. Is the amount of prepotent motor activity on individual trials related to the amount of inhibitory control-related activity?
3. Does the amount of inhibitory control-related activity differ depending on the version of the go/no-go task?
All tests involved repeated sample-to-sample testing (which is unbiased toward the selection of a specific time range for testing and reduces the degrees of freedom of these analyses). To account for the amount of multiple comparisons, all tests were corrected using the false discovery rate (FDR) procedure (Benjamini, Krieger, & Yekutieli, 2006) , unless otherwise described. The critical p value for all tests was p < .01.
The three specific hypotheses were tested as follows:
1. To test whether significant early motor activity was elicited in each version of the go/no-go task, we tested the LRP on successfully inhibited no-go trials in each version for significant differences from 0 using sample-bysample t tests.
2. To test whether the early LRP was related to the MI-IC P3, we tested the beta weights resulting from our regression described in the previous section for significant differences from 0 on the group level using t tests. To reduce the amount of multiple comparisons, we restricted this analysis to the time range in which the overall successful no-go trial ERP differed significantly from the go-trial ERP. This resulted in 128 individual tests (corresponding to a time period of 256 ms during which the no-go and go MI-IC ERPs differed). To further reduce the possibility of a spurious finding, these tests were corrected for multiple comparisons using the more conservative Bonferroni correction, resulting in an adjusted critical p value of 7.8 * 10 25 (i.e., .01/128).
3. Finally, to test whether inhibitory control-related activity differed between the versions of the go/no-go task, we tested the back-projected activity of the MI-IC at the frontocentral electrodes FCz and Cz. Specifically, we tested the difference wave between successful no-go trials and correct go trials for systematic differences using a sample-by-sample 2 3 2 ANOVA with the factors pace (slow vs. fast) and p(nogo) (.2 vs. .5). We also tested the individual difference waves for significance from 0 using t tests.
The average numbers of successful stop trials per task version were 43 (SD: 4.3; min: 33), 42 (SD: 4.5; min: 33), 46 (SD: 5.8; min: 24), and 45 (SD: 4.4; min: 35), respectively, for the fast-paced rare no-go, slow-paced rare no-go, fastpaced equiprobable, and slow-paced equiprobable versions.
| R E S U L T S 3.1 | Literature survey
The results of the literature survey can be found in Figure 1 . The heat map in Figure 1 shows the overall distribution of the two core parameters-p(nogo) and trial duration-across the 241 experiments published between 1993 and 2016 and indexed on PubMed. The mode for the p(nogo) parameter was .5, with a parameter range of .06 to .6. Nominally, 39.4% of all studies used equiprobable go/no-go likelihoods. For comparison, the second most common parameter was .2, used by 13.3% of all studies. The trial duration parameter had a wider range, spanning from 650 ms to 17,550 ms between successive stimuli. The mode for the maximum duration between two trials was 2,050 ms, which is 550 ms longer than the fast-paced condition we used in the current study. A total of 18.7% of studies have maximum trial durations of greater than 4,000 ms, which was the duration of trials in our slow condition.
| Behavior
In the stop-signal task, mean GoRT was 562 ms (SEM: 28 ms), and mean FsRT was 490 ms (26 ms). GoRT was greater than FsRT for all participants, indicating the validity of the race model. P(stop|signal) was .52 on average (SEM: .007, range: .47-.59), indicating effectiveness of the adaptive staircase algorithm. Average SSRT was 224 ms (10 ms), with a mean stop-signal delay of 312 ms (31 ms). For the go/no-go tasks, behavioral results can be found in Table 1 . There was no main effect of pace or p(nogo) on either RT, p(nogo): F(1, 17) 5 0.38, p 5 .55; pace: F(1, 17) 5 1.8, p 5 .2) or commission error rate, p(nogo): F(1, 17) 5 0.62, p 5 .44; pace: F(1, 17) 5 0.19, p 5 .67, and neither ANOVA yielded a significant interaction (RT: F(1, 71) 5 0.82, p 5 .38; errors: F(1, 71) 5 0.001, p 5 .97).
To ensure that the time-locking of the LRP to the median GoRT was unaffected by other moments of the RT distribution (beyond the average RT) that potentially differ between the conditions, we also compared the standard deviation, skewness, and kurtosis of the GoRT distributions between the conditions using the same 2 3 2 ANOVA. This revealed no differences in standard deviation, p(nogo): F(1, 17) 5 2.0, p 5 .17; pace: F(1, 17) 5 0.27, p 5 .61; interaction: F(1, 71) 5 0.06, p 5 .81; skewness, p(nogo): F(1, 17) 5 0.02, p 5 .9; pace: F(1, 17) < 0.01, p 5 .98; interaction: F(1, 71) 5 3.3, p 5 .08; or kurtosis, p(nogo): F(1, 17) 5 0.27, p 5 .6; pace: F(1, 17) 5 0.46, p 5 .5; interaction: F(1, 71) 5 2.0, p 5 .17, between the GoRT distributions.
| Motor inhibition IC properties in the SST
The MI-ICs that were selected for each participant showed the typical properties for that component (Wessel & Aron, 2015) : Within subjects, the onset of the P3-ERP contained in the MI-IC was significantly earlier on successful versus failed stop trials, t(16) 5 .26, p 5 .02, d 5 .55. Between subjects, the onset of this ERP was highly correlated with the speed of stopping, indexed by SSRT (Pearson's r 5 .7, p 5 .002). One subject's data were excluded from both of these analyses because the automated P3 detection failed: while this participant clearly showed a distinct P3 peak (which was furthermore clearly earlier for successful compared to failed stop trials), the stop-trial ERP started showing a significantly positive deviation from the go-trial ERP about 100 ms before the onset of the P3-ERP, leading to an inaccurately early "onset" of the P3. Hence, this dataset was excluded from the analyses of the stop-signal task in this paragraph, but was retained in the following go/no-go analyses (as removing it from the go/no-go analyses did not significantly influence the results). Lastly, these components also showed the typical spectral properties reported for inhibitory control-related frontocentral neural activity (Huster et al., 2013) , as activity on successful stop trials was most increased in the high delta to theta frequency bands (4-8 Hz, Figure 3c ).
In summary, the MI-ICs selected for each subject clearly reflected the brain component that has been shown to index successful response inhibition in the SST in the existing literature.
3.3.1 | Hypothesis 1: Is there early prepotent motor activity in the different versions of the go/no-go task?
The results of the LRP analysis can be found in Figure 4 . Regardless of time period, significant motor activity was only found in the fast-paced versions of the go/no-go task. Importantly, only the fast-paced version in which no-go trials were rare showed significant early motor activity-a significant LRP that developed before the median GoRT was only found in this condition. While the slow-paced versions appeared to induce some amount of late-developing LRP (i.e., after median GoRT), this did not reach significance.
3.3.2 | Hypothesis 2: Is the amount of prepotent motor activity on individual trials related to the amount of inhibitory controlrelated activity?
The single-trial regression analysis showed that, across all tasks, greater degrees of early motor activity (i.e., more Note. p(resp|nogo) 5 commission error rate; SEM 5 standard error of the mean; GoRT 5 reaction time on go trials negative LRP amplitudes before median GoRT) were correlated with the amplitudes of both the N2 and the P3-ERP in the MI-IC. These relationships were significant on the group level even when correlated with the highly conservative Bonferroni correction (resulting in an adjusted p value of 7.8 * 10
25
). This relationship is illustrated in Figure 5 . Assuming that stronger response prepotency (i.e., greater early LRP activity) indexes greater inhibitory demand, these results show that activity in the IC that reflects motor inhibition in the SST also reflects motor inhibition in go/no-go tasks, as well as in the P3 (and potentially the N2) time ranges.
3.3.3 | Hypothesis 3: Does the amount of inhibitory control-related activity differ depending on the version of the go/no-go task?
The MI-IC ERP plotted by go/no-go task version can be found in Figure 6 . First, a sample-to-sample comparison of the MI-IC ERP across the four versions of the go/no-go task shows that a significant N2 wave is only produced in tasks in which no-go trials are rare, which is in line with prior results (Donkers & van Boxtel, 2004; Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003) . This underlines that this ERP is likely related to stimulus probability/attentional detection, rather than response inhibition. This result is further corroborated by the sample-by-sample ANOVA, which shows that only the p(nogo) factor affects the ERP amplitude in the N2 time period.
Second, all four tasks produced a significant P3 on no-go trials. However, the sample-by-sample ANOVA clearly reveals main effects of both pace and p(nogo) on P3 amplitude. Specifically, pace appears to affect the early time period of the P3 only. This is a result of the fact that the onset of the P3 occurs much earlier for the fast-paced versions of the task (Figure 6 ). Furthermore, the fast-paced versions also clearly show the largest overall P3 amplitudes. The factor p(nogo) affects the later time periods of the P3, which is a result of the fact that the rare no-go versions show a much longer significant P3 time period, and show increased overall P3 amplitudes compared to the equiprobable versions. No significant interaction effects were found across the entire time period.
As is evident from these analyses, the fast-paced task version with rare no-go trials clearly evokes the largest inhibitory control-related neural activity. This is in line with the fact that only that condition produced a significant early LRP (Figure 4) . To illustrate the relative reduction in motor inhibition-related neural activity in the other three go/no-go variants, we quantified the P3-ERP in the MI-IC in terms of area under the P3 curve during the significant time periods in each condition. This metric combines the duration during which significant P3 activity is observed with the amplitude of that activity during this time period. By this metric, 
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FIGU RE 4 Motor activity by version of the go/no-go task. Depicted is the lateralized readiness potential on successful no-go trial in each version of the task, time-locked to the median RT on correct go trials in that version. This allows a plotting of early (i.e., before typical RT on go trials) and late response tendencies for each task. Blue shaded area is the SEM for each curve. More-negative amplitudes reflect stronger motor activity in contralateral (pre)motor cortex from the response hand. Gray shaded areas denote significant samples at p < .01, FDR-corrected inhibition-related activity in the slow-paced, rare no-go version was reduced by 23.35%. In the fast-paced, equiprobable version, it was reduced by 62.25%, and in the slow-paced, equiprobable version, it was reduced by 75.47% (compared to the fast-paced version with rare no-go trials).
| D I S C U S S I O N
In the current study, we investigated prepotent motor activity and inhibitory control-related activity across four different versions of the go/no-go task. We varied both pace and the probability of no-go trials. Our results show that only fastpaced designs with rare no-go trials reliably elicit prepotent motor activity on no-go trials. In line with this, frontocentral activity related to inhibitory control was strongly reduced in slow-paced and equiprobable versions of the go/no-go task. These findings are of great relevance: our literature survey showed that, despite some awareness of these issues, many go/no-go studies use designs that are clearly suboptimal. We surveyed the literature on the go/no-go task by investigating the exact design of all 241 go/no-go experiments indexed on PubMed (ranging from 1993 to 2016). These studies used the go/no-go task to investigate inhibitory control (the term "inhibition" was included in the search term). However, our findings show that a large number of studies used designs that potentially did not elicit reliable prepotent motor activity, and hence may not necessitate significant inhibitory control demand. Perhaps most notably, the most commonly used configuration for the p(nogo) parameter across the literature was .5, signifying equiprobable go/no-go trials. Such equiprobable tasks were used in almost 40% of all studies, and the next most common p (nogo) value-.2-was used in only about 13% of studies. According to our results, such equiprobable designs do not elicit reliable prepotent motor activity, regardless of pace. Hence, the inhibitory demand in such tasks may be low, which was confirmed by the fact that frontocentral inhibitory control-related activity in such equiprobable tasks was reduced by 62% (fast-paced designs) to 75% (slow-paced LRP TO MI-IC CORRELATION 400 2 2 6 2 2 2 2 20 2 2 2 0 0 0 6 600 0 0 00 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 6 6 6 6 6 6 6 6 0 0 0 0 0 2 2 2 2 2 2 2 6 6 6 6 6 6 6 6 60 0 
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FIGU RE 5 Relationship between motor-inhibition IC and early motor activity on no-go trials reflected in the LRP. Top: Grand mean component ERP of the MI-IC back-projected to frontocentral electrodes FCz and Cz, separately for correct go trials (green) and successful no-go trials (red). Shaded areas along the curve denote the SEM. Gray shaded time ranges depict samples at which the no-go ERP was significantly correlated with the amount of early motor activity reflected in the LRP at p < .01 (Bonferroni-corrected). Underlying p values were derived by deriving the single-subject beta weights resulting from a trial-to-trial regression of the LRP amplitude in the 500-ms period premedian RT (see Figure 3) onto the MI-IC ERP at FCz/Cz, and subsequently testing these weights on the group level using a paired samples t test against 0. For the purposes of illustration, the bottom plot shows all single-trial LRP amplitudes for all participants across all tasks plotted against the respective single-trial MI-IC P3 amplitudes (averaged across the significant time period). The red line denotes a least squares fit (alongside the 95% CI; dotted line). The fit is significant at p < 1*10
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. Notably, this is not the fit statistic that is underlying the p values in the top plot. The statistic underlying the top plot was derived from within-subject regressions that resulted in 18 beta weights per sample point, which were tested for significance on the group level, as described in the Method section and in Debener et al. (2005) 
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2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0 6 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 60 0 0 0 0 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 60 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 6 6 6 6 6 6 6 0 0 0 0 0 0 0 60 0 0 00 0 0 0 0 00 0 0 0 6 6 6 6 6 6 6 60 0 0 0 0 00 FIGU RE 6 MI-IC ERP, back-projected to frontocentral electrodes FCz and Cz, plotted separately for each version of the go/no-go task. Depicted are the difference waves between go and no-go trials for each of the four tasks. Time periods in which each individual difference wave was significantly different from 0 are highlighted by a thicker line (p < .01, FDR-corrected). The shaded area around the curves denotes the standard error of the difference. Furthermore, the plot depicts the significance of a sample-by-sample 2 3 2 ANOVA involving the factors pace (fast vs. slow) and p(nogo) (.2 vs. .5). Time periods in which the main effect of pace was significant are highlighted in dark gray; the main effect of p (nogo) is highlighted in light gray (both ps < .01, FDR-corrected). The interaction was not significant at any individual time point designs). Further analysis of the literature shows that the prevalence of suboptimal task designs has not significantly changed over the last 25 years. While there does seem to be a reduction of equiprobable go/no-go tasks in the years since 2008 (following a peak during [2003] [2004] [2005] [2006] [2007] , where more than half of all published studies used a p(nogo) of .5), equiprobable tasks are still the most common version, even in studies published from 2013 onward, where they still account for more than 1 in every 3 studies (Figure 2) . Furthermore, the usage of slow-paced trial timings appears to be steady over the years, with 1 in every 5-6 studies using trial durations in excess of 4 s. If the parameters of the current study can serve as a comparison, fewer than 1 in every 10 studies overall (8.7%, N 5 21) used both fast trial durations ( 1,500 ms) and rare no-go stimuli, p(nogo) .2.
Based on these results, the published body of literature of studies that used the go/no-go task needs to be reappreciated in regard to which exact parameter configuration of the go/nogo task was used. This is especially true since the go/no-go paradigm is commonly used as a standard measure of motor inhibition across several subfields of psychology and neuroscience, and is part of standard batteries for cognitive assessment, such as the Cambridge Neuropsychological Test Automated Battery (CANTAB, Sahakian & Owen, 1992) . Our results show that some go/no-go designs are clearly ill-suited to elicit prepotent response tendencies, and that differences in inhibitory demand between different designs can be on the order of several magnitudes-in our data, the fast-paced, rare no-go version elicited four times as much neural inhibitory control activity compared to the slow-paced, equiprobable version. These considerations are also important beyond pure studies of inhibitory control. The go/no-go task is not only used to assess inhibitory control itself, but it is often used to induce inhibitory control to investigate the influence of this control process on other psychological processes. For example, several studies attempt to investigate whether engaging inhibitory control during processes like risk taking (Stevens et al., 2015; Verbruggen, Adams, & Chambers, 2012) or the viewing of appetitive stimuli (Houben, Havermans, Nederkoorn, & Jansen, 2012; Veling, Aarts, & Stroebe, 2013) can inhibit the expression of unwanted behaviors. Many (though not all) of these studies use go/no-go type designs, in which go or no-go stimuli are used to differentially engage inhibitory control, for example, during the viewing of pictures of primary reinforcers. Our current results show that such studies need to be extremely carefully designed to ensure that inhibitory control is actually necessary to perform the no-go trials within the respective tasks. If that is not the case, any differential effects that no-go trials have in the context of such studies cannot be interpreted as effects of inhibitory control activity.
A reading of several studies that used rare no-go trials and fast-paced designs shows that there already is some awareness in the literature about these issues. However, as our survey of the literature shows, a significant portion of the research using the go/no-go task is still performed using potentially suboptimal designs-roughly half (49%) of the studies in our literature sample employed a task that used either equiprobable go and no-go trials, or had maximum stimulus-stimulus intervals in excess of 4 s. Even more severely, almost every tenth published experiment (9.54%) used a design that included both equiprobable go and no-go stimuli and long trial durations (i.e., stimulus-stimulus intervals of more than 4 s).
Importantly, there are other measures that can be taken to ensure that prepotent motor activity is elicited during a go/ no-go type task (potentially even in equiprobable and slowpaced versions). First, several studies, especially those using fMRI, used blockwise designs in which short blocks of equiprobable go/no-go trials were interleaved with blocks of pure go trials (e.g., Fu et al., 2008; Gow et al., 2012; Hegarty et al., 2012; Lei et al., 2012; Mechelli, Viding, PetterssonYeo, Tognin, & McGuire, 2009; Singh et al., 2010; Townsend et al., 2012; Vollm et al., 2004) . If the go stimulus is the same across both types of blocks, it could be possible to induce response prepotency even in equiprobable designs. Second, some studies use a strict response deadline during which the go response has to be made (e.g., Benikos, Johnstone, & Roodenrys, 2013; Beste, Saft, Andrich, Gold, & Falkenstein, 2008; Kamarajan et al., 2005; Morooka et al., 2012; Pandey et al., 2012; Smith & Douglas, 2011) . This likely increases the urgency to respond, and could thereby help to elicit prepotent motor activity. At a cursory glance, around 9-10% of studies surveyed here explicitly mentioned using a response deadline. Lastly, some studies use a modified S1-S2 type design (for the basic S1-S2 go/no-go design, see Filipovic et al., 2000) , in which the first stimulus explicitly indicates a certain probability of the imperative stimulus being a no-go trial. This probability can be independent of the overall p(nogo), which could create prepotent motor activity on some trials, even when go and no-go trials are equiprobable overall. These potential measures all aim to increase the likelihood of a prepotent motor response, and are particularly important if the circumstances of a given study preclude the usage of a fast-paced and/or rare no-go task. For example, some methods, such as fMRI, transcranial magnetic stimulation (Sohn, Wiltz, & Hallett, 2002) , or autonomic psychophysiology have relatively low temporal resolution, and may necessitate slower designs (even though such methods have been used with fast-paced, rare no-go configurations in the past; see Garavan et al., 1999; Schacht, Nigbur, & Sommer, 2009; van der Veen, van der Molen, & Jennings, 2000) . This is also evident from Figure 2 , which shows that fMRI studies, as well as studies in the "Others" category (which mainly consists of autonomic nervous system and transcranial magnetic stimulation studies) include more experiments with very long trial durations. Furthermore, studies with certain populations (e.g., neurological patients or elderly individuals) could also necessitate a slower trial timing. Also, equiprobable designs might be preferable because they yield equal trial numbers between conditions. However, this issue can often be addressed via other tweaks to the experimental design. For example, if one would want to test the influence of going or not going on the viewing of emotional pictures while achieving identical numbers of picture stimuli that were paired with go and no-go stimuli, one could introduce a third type of trial that uses neutral pictures and is always paired with go, thereby making the go response prepotent overall. Either way, if slow-paced and/or equiprobable designs are necessary, it is imperative that other measures are taken to ensure that no-go tasks involve a prepotent motor tendency. The above paragraph lists three possibilities, but there has yet to be a systematic investigation of whether these (or other) measures do indeed help to induce a prepotent response tendency on no-go trials.
The above considerations all pertain to the optimal task design for go/no-go tasks. Beyond that, the current results have some important implications for the basic science of stopping. The P3 component of the frontocentral ERP has long been purported to index response inhibition in go/no-go type tasks (Enriquez-Geppert, Konrad, Pantev, & Huster, 2010; Huster et al., 2013; Randall & Smith, 2011; Smith, Johnstone, & Barry, 2006) . However, all studies of the P3 to date investigated average amplitude changes between different experimental conditions, which were designed to involve differential amounts of motor inhibition. The current study is the first of its kind that operationalized inhibitory control demands based on the actual degree of prepotent, early neuromotor activity on any given individual trial, instead of external task properties. In doing so, our results showed that greater degrees of to-be-inhibited motor tendencies on individual no-go trials directly relate to the single-trial amplitude of the frontocentral P3 ERP. This is strong evidence for the potential of this activity as a highly temporally specific neural index of inhibitory control.
It is worth mentioning that we did not find significant effects of either no-go probability or trial duration on behavioral measures of motor inhibition (i.e., commission error rate). However, since the differences between the conditions are numerically in line with what one would predict (based on prior studies, e.g., Nieuwenhuis et al., 2003) -that is, higher commission error rates for fast-paced versus slowpaced and for rare no-go versus equiprobable versions (Table  1) -this was likely the result of a power issue (since we compared four conditions, two of them very slow paced, within each participant, we collected only 50 no-go trials per condition), combined with the fact that stopping in our version of the no-go task was made easy by having very salient differences between stimuli (we used large patches of easily distinguishable colors instead of mirror-image letters M and W used in studies such as Nieuwenhuis et al., 2003) . However, the fact that we did find clear differences in the neural indices of both motor preparation/emission and motor inhibition between the conditions could indicate that such neural measures may offer greater sensitivity compared to a dichotomous behavioral measurement like overt commission error rate.
Taken together, the current study showed that go/no-go tasks only elicit reliable prepotent motor activity when the task is fast paced, and when no-go trials are rare. In line with this, inhibitory control-related activity is greatly reduced when this is not the case. Despite the fact that these considerations have been made explicit in parts of the existing go/nogo literature, our literature survey shows that the most commonly used go/no-go variants are clearly suboptimal. Equiprobable variants are by far the most commonly used versions, and almost half of the literature uses tasks that are either slow paced, use equiprobable stimuli, or both. Hence, the current study can serve as a primer to inform the design of future go/no-go experiments. Additionally, the current study also shows a direct association between the degree of early inappropriate response tendencies on no-go trials and inhibitory control-related activity over prefrontal cortex. This underscores the utility of these measures as a time-sensitive index of inhibitory control.
